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FINAL  REPORT  OF  SCIENTIFIC  WORK 


STATEMENT  OF  THE  PROBLEM 


The  primary  goals  of  this  research  were  to: 

1.  Isolate  and  identify  glutamate  receptor-ion  channel  protein 
complexes . 

2.  Clone  the  cDNA  for  these  proteins. 

3.  Develop  immunochemical  and  immunohistochemical  techniques  for  the 
identification  of  such  receptor  proteins  and  for  rapid  isolation. 

4.  Use  the  techniques  developed  for  reconstitution  and  ion  channel 
measurements  with  synaptic  membrane  proteins  and  isolated  glutamate 
receptor  proteins  to  determine  channel  characteristics  and  membrane 
stabilization* 

5.  Develop  prototype  biosensors  based  on  ion  channel  amplification 
characteristics  * 

6.  Use  cell  models  to  study  the  regulation  of  expression  and  function 
of  glutamate/NMDA  receptors. 


SUMMARY  OF  THE  MOST  IMPORTANT  RESULTS 


1.  Isolation  and  Identification  of  Glutamate  Receptor-Ion  Channel  Complexes, 

We  first  isolated  two  proteins  which  appear  to  be  part  of  the 
glutamate/NMDA  receptor-ion  channel  complex,  a  glutamate  binding  protein  of  ^70 
kDa  and  a  CPF  binding  protein  of  "58  kDa  protein  (papers  published  in  the  Journal 
of  Biological  Chemistry).  We  observed  two  smaller  proteins  co-purifying  with  the 
glutamate  and  CPP  binding  proteins  (molecular  masses  of  42  and  36  kDa).  When  all 
four  proteins  (the  70,  58,  42,  and  36  kDa  bands)  are  present  in  our  isolated 
fractions,  we  can  demonstrate  all  the  expected  activities  of  the  NMDA  receptor- 
ion  channel  complex,  i.e.^'',  ligand  binding  for  NMDA,  glutamate,  glycine,  PCP, 
HK801,  CPP,  and  the  polyamines  (Kumar  ^  paper  accepted  for  publication  in 
Nature ) . 

2.  Cloning  the  cDNA  for  the  Proteins. 

¥e  have  cloned  and  sequenced  a  full-length  cDNA  {1.7  kb)  for  the  largest 
subunit  of  the  NMDA  receptor  complex,  the  glutamate-binding  protein.  The 
inferred  sequence  of  the  protein  describes  a  unique  protein  structure  with  four 
transmembrane  domains.  The  protein  expressed  in  E.  Coli  reacts  with  the 
antibodies  raised  against  the  brain  glutamate-binding  protein,  binds  L-glutamate 
with  the  same  affinity  and  specific  activity  as  the  brain  protein,  and  has  been 
purified  by  glutamate  affinity  chromatography  (Kumar  ^  ,  Nature ,  in  press). 


The  cDNA  for  this  protein  was  subsequently  used  to  screen  additional  cDNA 
libraries,  A  series  of  clones  were  identified  and  are  being  sequenced.  In 
addition,  the  original  clone  was  inserted  into  a  phage  that  can  be  used  for 
stable  expression  in  insect  cells  through  the  baculovirus  infection  process. 

3.  Development  of  Immunochemical  and  Immunohistochemical  Techniques  for 
Identification  of  Receptor  Proteins  and  Rapid  Protein  Isolation, 

A  paper  was  published  on  the  characterization  of  polyclonal  antibody 
reactivity  with  glutamate-binding  protein  sites  in  rat  brain  (Eaton  ^  al ,  , 

1990) *  Two  other  papers  are  now  in  press  that  deal  with  the  development  of  mouse 

polyclonal  and  monoclonal  antibodies,  their  characterization  and  their  use  in 
monitoring  the  expression  of  NMDA  receptors  (Wang  ^  >  1991;  Mattson  ^  al .  , 

1991) .  These  antibodies  have  become  extremely  sensitive  probes  of  the  appearance 
and  function  of  NMDA  receptors  during  early  development  and  during  degeneration. 

4.  Reconstitution  and  Ion  Channel  Measurement  with  Purified  Proteins  to 
Determine  Channel  Characteristics  and  Membrane  Requirements* 

We  successfully  achieved  reconstitution  of  the  4  subunits  of  the  NMDA 
receptor  and  demonstrated  with  rapid  kinetics  instrumentation  that  they  exhibit 
glutamate-stimulated  ion  fluxes  in  liposomes.  The  pharmacological  properties  of 
this  channel  activity  are  most  consistent  with  those  of  the  NMDA  receptor 
subtype.  Furthermore,  the  Ab’s  raised  against  the  70  kDa  glutamate-binding 
protein  dramatically  alter  the  kinetics  of  the  ion  flux  response  to  NMDA  (Ly  and 
Michaelis,  1991).  Reconstitution  of  this  protein  complex  in  planar  lipid 
bilayers  and  direct  measurement  of  glutamate-activated  currents  were  also 
accomplished  (Uto  ^  ,  1990).  The  results  are  providing  further  confirmation 

of  the  involvement  of  the  four  protein  subunits  in  the  formation  of  an  active 
NMDA  receptor-ion  channel  complex  (Aistrup  ^  ,  in  preparation) . 

5.  Development  of  Prototype  Receptor-Based  Biosensors 

The  success  of  reconstitution  of  the  NMDA  receptor  proteins  into  planar 
lipid  bilayers  led  to  the  use  of  this  system  in  the  detection  of  glutamate  levels 
as  low  as  10"®  M,  These  studies  were  summarized  in  a  recent  article  accepted  for 
publication  (Minami  _e_t  a_l .  ,  Analytical  Chemistry)  and  they  include  a 
characterization  of  the  sensitivity,  stability  and  selectivity  of  such  a  sensor 
system. 

6.  Cell  Models  for  the IStudy  of  NMDA  Receptor* 

I 

Primary  neuronal  cultures  and  sophisticated  fluorescence  ratio  imaging 
techniques  were  developed  to  monitor  the  activity  of  NMDA  receptors.  These 
methods  are  used  to  explore  different  chemical  modification  procedures  on 
receptor  structure  and  function.  These  studies  will  be  continued  with  cloned  and 
transiently  expressed  receptors  in  different  mammalian  and  insect  cell  lines. 
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